Summary Angiotensin II (AT-IT) has been used to target regionally-administered cytotoxic microspheres in patients with intrahepatic tumours. The optimisation of vasoconstrictor targeting requires a knowledge of the blood flow changes induced by agents such as AT-IT. We therefore assessed duplex/colour Doppler sonography (DCDS) as a means of evaluating the effects of AT-TI infusion on hepatic arterial blood flow (HABF) and arterial resistance in patients with intrahepatic tumours.
The outlook for colorectal cancer patients with liver metastases is poor. The median survival of those with multiple metastases is approximately 6 months (Bengmark et al., 1969; Wood et al., 1976; Wagner et al., 1984) . Although recent developments in surgical techniques have improved survival, less than 5% of patients are likely to benefit from resection of solitary metastatic deposits. Current regimes for systemic chemotherapy are limited by high toxicity with lower drug delivery to tumours. However regional chemotherapy produces more responses than systemic chemotherapy with reduced toxicity, but significantly longer survival has not been achieved yet. Methods of improving drug delivery selectively to tumours to increase therapeutic effect without increasing toxicity are therefore being investigated.
As established metastases receive their blood supply almost exclusively from the hepatic artery, and since tumour vasculature is thought to be deficient in smooth muscle and adrenergic innervation, the use of vasoactive agents may increase tumour exposure to regional chemotherapy by altering the distribution of blood flow between tumour and normal liver. For example, intra-arterial infusion of angiotensin II (AT-II) has been shown to enhance tumour uptake of regionally-administered radiolabelled microspheres in patients with colorectal liver metastases . Investigation of the blood flow changes induced by agents such as AT-II is important for the optimisation of vasoconstrictortargeted chemotherapy and assessment of the targeting advantage of individual patients. However, previously used techniques for studying such effects are either invasive or of restricted availability (Hemingway et al., 1992; Sasaki et al., 1985) . We therefore assessed duplex/colour Doppler sonography (DCDS) as a non-invasive means of investigating the effects of vasoconstrictors in patients with liver tumours.
Methods
Nine patients (age range 48-69 years) with colorectal liver metastases were studied. All patients had an indwelling hepatic artery catheter with a subcutaneous injection port (Portacath, Pharmacia, or Infusaid, Shiley Infusaid Inc.) for administration of regional chemotherapy. The effects of an angiotensin II infusion (given as 15 micrograms in 3 ml of normal saline over 90 s on hepatic arterial blood flow (HABF) were measured using DCDS (Diasonics Spectra, Diansonics Sonotron Ltd, Bedford, UK) in conscious, fasted patients. The technique for measuring HABF, which was calculated as the product of the time average velocity and arterial cross-sectional area, has been described previously (Leen et al., 1991 The cross-sectional area of the artery was measured by mapping the perimeter of the vessel lumen with the 'tracker ball'. As it was not possible to do this simultaneously with blood velocity measurement during the AT-II infusion, a single value for the area was used to calculate flow rates for a given patient. This was the mean of four individual measurements taken at the same location in the vessel at random phases of the cardiac cycle. In five patients, arterial cross-sectional area was measured every 30 s during a separate AT-II infusion. No systemic change in area was observed during the infusion, and the mean coefficient of variation of the area was only 3.9%, justifying the assumption that it could be regarded as constant.
Mean arterial pressure was measured at 1 min intervals during the AT-II infusion using an automatic sphygmo-manometer, and hepatic arterial resistance was calculated by dividing mean arterial pressure by HABF. The hepatic arterial resistive index (HARI) was also measured automatically from the velocity spectral display by the onboard software using the formula HARI = (PSV-EDV)/PSV, where PSV and EDV represent peak systolic velocity and end diastolic velocity respectively.
The percentage hepatic replacement by metastases (PHR) was measured using an IGE CT9800 Scanner from standard dynamic enhanced examinations.
Informed consent was obtained from all patients. All data were analysed using a Wilcoxson Signed Rank test. distribution of hepatic arterial blood flow by causing temporary arteriolar constriction in normal blood vessels while having little direct effect on the immature tumour vascular bed. In patients with low percentage hepatic replacement, the response of hepatic arterial blood flow to AT-II would be expected to reflect predominantly its effect on vessels supplying normal liver tissue. This is in keeping with the immediate rise in hepatic arterial resistance and fall in the hepatic arterial blood flow observed in such patients in this study.
The vasoconstriction was rapidly reversed at the end of the AT-II infusion, and was followed by a rise in the HABF above the baseline -the 'rebound phase' -mirrored by a fall
Results
The mean HABF baseline level of all patients was 344mlmin-' (s.d.: 78) and this was significantly reduced to about 180 ml min-' (trough phase) within 60 s of the AT-TI injection (P <0.05). HABF then increased to a peak of approximately 520 ml min-' between the third and fourth minute after the start of AT-TI injection (rebound phase) (Figure 1 ).
On analysis of the HABF changes in individual patients and taking into account their PHR values, the following observations were made:
In two patients, the PHR was over 55% (56% and 60%) and in those patients there was no reduction in HABF observed following the start of AT-TI infusion. HABF increased instead by 2-2.5 times the baseline level over 3 to 4 min (Figure 1) In seven patients, the PHR was less than 30% (median 29%, range 10-25%), the baseline level of HABF as measured by DCDS was 331 ml min-' (s.d.: 85) and this was reduced by 70-80% within 30s of the start of the AT-II infusion. During the 'trough phase', HABF was significantly reduced to a minimum of 72 ml min-' (s.d.: 34) (P<0.02), and recovered rapidly from the end of the infusion. A postinfusion 'rebound phase' was observed with a 20% increase above baseline lasting for approximately 2 min (Figure 1) .
In the same patients, mean arterial pressure rose from a baseline of 95 mmHg (s.d. 
Discussion
Whilst the value of the qualitative information provided by duplex/colour Doppler sonography is widely recognised, there are still discussions as regards the accuracy of quantitative flow measurements. In previous studies using DCDS, we have demonstrated the accuracy of this technique in vitro and the reproducibility of HABF measurements in vivo (Leen et al., 1991; Robertson et al., 1992) . In the present study, our primary interest was in relative changes in flow rather than absolute values.
In seven of the nine patients, the trough phase was observed. However, in the remaining two patients, no trough phase was demonstrated and HABF increased from the start of the AT-II infusion. The only factor that separated the two groups was the PHR value; The group of patients in which a trough phase was present, had a PHR value of less than 30% whereas the group in which no trough phase was shown, had a PHR over 50%. However this finding may conceivably be due to chance.
Vasoactive agents such as AT-IT are believed to modify the ying this effect is un-outweighed by the reduction in flow to normal liver, may be raemia, induced by the manifested in the later phase of the HABF response.
npensating for a tem-
The potent effectiveness of AT-II in targeting regionallyiutrients. Alternatively administered chemotherapy to tumour is governed by the nent of HABF supply-ratio of tumour to normal liver blood flow. The temporal ig intra-operative laser changes in this ratio in patients with a low PHR may be lood flow in hepatic inferred qualitatively from the results of the present study )ns (Hemingway et In contrast to patients with less than 30% hepatic replacement, the two patients with over 55% hepatic replacement showed no 'trough phase' following AT-II infusion. HABF instead rose continuously to 2-2.5 times the baseline level over 3-4 min. As there was more tumour bulk than normal liver tissue, HABF would be expected to reflect mainly -Mean HAR tumour blood flow. Although laser Doppler flowmetry failed to demonstrate a prolonged increase in blood flow in response to AT-II in large tumour masses (Hemingway et al., 1992) , such an increase may have occurred outwith the superficial measurement region accessible to the laser Doppler technique. However, the absence of even an attenuated constrictor response in the present study is surprising as a significant volume of apparently normal liver tissue was present in these patients. It is possible that hepatic arteriolar responsiveness to AT-II was impaired in the residual 'normal' liver. The actual increase in hepatic arterial blood flow during the infusion of AT-II may be due to the opening of Using hepatic scintigraphy, Goldberg and colleagues (1991) showed that the use of AT-II (10 micrograms per min given for 100 s) increased tumour uptake of regionallyadministered radiolabelled microspheres in patients with colorectal liver metastases. However, the microspheres were injected after the end of the infusion of AT-TI, at which time the present study suggests HABF would already be rising -mean HAR I towards the pre-angiotensin baseline. Depending on the time taken to inject the microspheres, some of the targeting advantage could therefore be lost. Ideally, cytotoxic microspheres should be given as a bolus while HABF is still in the trough phase, but this may not be possible for some preparations (for example polylactide microcapsules, which can take up to 3-4 min to inject). To achieve optimum targeting in . , . , these circumstances it may be necessary to prolong the AT-TI 
